Abstract. The efficacy of neoadjuvant chemotherapy (NAC) is controversial, and no report supports NAC with a high evidence level. Recently, we showed that a deep surgical margin was resected very close to the tumor site in many NAC-treated oral squamous cell carcinoma patients, suggesting that NAC may lead to local recurrence and poor outcomes. The purpose of this study was to evaluate the effect of NAC on tumor local recurrence using cancer stem cell marker immunohistochemistry. We retrospectively analyzed 89 patients who underwent radical surgery for tongue cancer, and examined the effect of NAC on tumor local recurrence. Cancer stem cell marker (CD44v6 and ABCG2) expression was detected by immunohistochemistry. In our study, the local recurrence rate was 12.4%. CD44v6 and ABCG2 expression was significantly associated with regional lymph node metastasis, pattern of invasion, depth of invasion, perineural invasion and local recurrence, respectively. Tumor local recurrence was a significant independent predictive factor of the 5-year disease specific survival. CD44v6 or ABCG2 positivity in NAC-treated patients was significantly associated with tumor local recurrence. It was suggested that local recurrence in NAC-treated cases is associated with cancer stem-like cells. We propose that NAC leads to the selection and/or residue of more aggressive cancer stem-like cells.
Introduction
Oral squamous cell carcinoma (OSCC) represents ~1-3% of all human cancers, and is the 6th most frequent cancer in the world (1, 2) . OSCC continues to show a poor prognosis and remains a lethal disease for >50% of cases diagnosed annually (3) . In particular, its local recurrence is strongly related to a poor prognosis (4) (5) (6) . Even when the surgical margins are diagnosed as tumor free by histopathological examination, the local recurrence rate is still 6.9-22.0% (4, 5, 7, 8) . There are two explanations for the mechanism of local recurrence (9) . First, there is the possibility that residual cancer cells remain undetected in the surgical margins. In the majority of these cases routine histopathological investigation of the resection specimen will detect tumor tissue at the resection margin, making it likely that residual cancer is the cause of local recurrence. However, the number of residual cancer cells is too small to be detected by routine histopathology, a phenomenon also known as minimal residual cancer (MRC) (9, 10) . Secondly, it is possible that tumor-related mucosal precursor lesions, 'fields' of genetically altered cells may be left behind, and these might give rise to new invasive carcinomas. A subgroup of these fields can be recognized clinically as leukoplakia or erythroplakia, but the majority can only be diagnosed by conventional histology, immunohistochemical staining, or genetic methods (9, 11, 12) .
Recently, we showed that the deep surgical margin was resected very close to the tumor site in many neoadjuvant chemotherapy (NAC)-treated OSCC patients, suggesting that NAC may lead to local recurrence and poor outcomes (6, 13) . In these studies (6, 13) , therefore, we speculated that the most invasive front became unclear after modification by NAC, which may have resulted in resection with an insufficient safety margin. Moreover, we estimated that not only the mechanism for the closed margin but also the residual cancer cells after NAC were involved in the mode of local recurrence. Most recently, some researchers reported that these residual cancer cells after NAC possess the characteristics of cancer stem cells (CSC) (14, 15) . Yoshikawa et al (15) showed that CD44-expressing cancer cells in the clinical samples of human head and neck cancers selectively survive and increase in number after NAC. CD44 is a single-pass type I transmembrane glycoprotein and functions as a cellular adhesion molecule for hyaluronic acid, a major component of the extracellular matrix (16, 17 (22) . This phenotype has been observed in OSCC (23, 24) . Increasing evidence therefore suggests that ABCG2 is recognized as a CSC marker. However, it is unclear whether NAC is associated with the expression of CD44v6 or ABCG2, or whether the expression of these CSC markers is clinically important in NAC-surviving cells (MRC cells after NAC). We therefore investigated whether NAC is associated with the expression of CD44v6 and ABCG2 using immunohistochemical staining, and evaluated the association with clinicopathological factors and the clinical outcome of oral tongue squamous cell carcinoma (OTSCC) patients.
Materials and methods

Patients.
We retrospectively reviewed the records of 89 patients who underwent radical surgery for OTSCC between January 2001 and December 2011. The study cohort included patients with histologically confirmed diagnoses of OTSCC and a minimum follow-up of 12 months. All study patients underwent extensive pretreatment evaluations, including blood chemistry, complete blood cell count, chest X-ray, computed tomography (CT) and/or magnetic resonance imaging (MRI) of the head and neck area, and thoracoabdominal CT, and provided informed consent to participate in the study. Data collected included demographic information, site, TNM stage at diagnosis, tumor histologic grade, pattern of tumor invasion, treatment, depth of tumor invasion, status of the margin, histopathological response after NAC, recurrence, and the adjuvant therapy used for disease control.
Tumor stage was classified according to the TNM classification of the International Union against Cancer. Tumor histologic grade was defined according to the WHO classification. Pattern of invasion (POI) was examined at the host/ tumor interface. POI types 1-4 have been previously defined by Bryne et al (25) : POI type 1, tumor invasion in a broad pushing manner with a smooth outline. POI type 2, tumor invasion with broad pushing 'fingers' or separate large tumor islands, with a stellate appearance. POI type 3, invasive islands of tumor >15 cells per island. POI type 4, invasive tumor islands <15 cells per island. This includes cord-like and single cell invasion. The evaluation was performed using biopsy specimens.
Treatment and pathologic examination. In our institute, the modality of surgery alone was preferred for the treatment of patients with oral cancer; however, patients who hesitated to consent to surgical intervention or for whom surgery was not available because of a busy schedule were selected for NAC. During the period of NAC, patients were encouraged to undergo surgery after completion of chemotherapy. All patients who received NAC underwent radical surgery. The regimen of NAC consisted of a combination of cisplatin or carboplatin-based multidrugs. In most patients, modifications of chemotherapy dosages were made for toxicity as indicated using standard criteria.
Primary tumors were excised with ≥1.5-cm safety margins (both superficial and deep margins). The extent of surgery was not modified according to the tumor response with NAC. All patients underwent glossectomy with curative intent. Elective neck dissection was not performed routinely in our institutions. Local recurrence was defined as lesions arising in the oral cavity relative to the primary tumor beyond 6 weeks within the first 5 years after the first definitive treatment. Recurrence arising at both the primary site and in the neck was also considered to be local recurrence. Recurrence arising only in the neck was defined as regional recurrence. Recurrence arising either at the primary site or in the neck was defined as locoregional recurrence. Patients with recurrences that were considered potentially curable and operable underwent salvage surgery and radiotherapy. Patients with recurrences that were considered incurable were treated with palliative chemotherapy.
For pathological examination of the invasion depth and surgical margin, all permanent section histological slides of primary resection specimens were reviewed retrospectively. Depth of invasion (DOI) was measured as the infiltrative portion of the tumor which extended below the surface of the adjacent mucosa. The keratin layer was not included in the measurements. Where the epithelium was destroyed (since the majority of the tumor showed ulceration), it was measured after reconstructing a virtual surface. Previous studies demonstrated that DOI ≥4 mm had a predictive value for cervical lymph node metastasis in patients with OTSCC (26) (27) (28) (29) (30) ; therefore, in this study, DOI was classified as ≥4 and <4 mm. Likewise, regarding the surgical margin, a large cohort study demonstrated that a pathological margin distance ≤4 mm was significantly associated with locoregional recurrence (31); therefore, in this study, the status of the surgical margin was classified as >4 and ≤4 mm for the superficial and deep margins, respectively. The degree of histopathological response after NAC was classified into four categories, based on the method in previous studies (32, 33) : grade I, >50% vital residual tumor cells (VRTC); grade II, 10-50% VRTC; grade III, nearly complete response (NCR) with <10% VRTC; and grade IV, complete response. All pathological assessments were performed by expert pathologists who were unaware of the clinical outcomes.
Immunohistochemistry (IHC).
Immunohistochemical staining was performed on 4-µm-thick formalin-fixed, paraffin-embedded tissue sections. Deparaffinized sections in xylene were soaked in 10 mM citrate buffer (pH 6.0) and placed in an autoclave at 121˚C for 5˚min for antigen retrieval. Endogenous peroxidase was blocked using 0.3% H 2 O 2 in methanol for 30 min. Immunohistochemistry was performed by the EnVision method (EnVision + ; Dako, Glostrup, Denmark). The primary antibodies used were directed against CD44v6 (VFF-18; Abcam, Cambridge, UK; 1:100 dilution) and ABCG2 (BXP-21; Abcam; 1:50 dilution). The sections were incubated with the antibodies overnight at 4˚C. Reaction products were visualized by immersing the sections in diaminobenzidine (DAB) solution, and the samples were counterstained with Myer's hematoxylin and mounted.
The membranous expression of CD44v6 or ABCG2 was estimated by immunopositivity mainly in the tumor invasive front closed surgical margin. The average number of stained cells in 5 visual fields was regarded as the percent ratio of positively stained cells in each section. Staining with these antibodies was considered positive if >10% of tumor cells stained, because a 10% cutoff level has been used in several previous studies (34, 35) .
Statistical analysis. Statistical analyses were performed using StatMate IV (Atms Co., Tokyo, Japan). The categorical data were assessed by the χ 2 test or Fisher's exact test, as appropriate. The disease-specific survival (DSS) rate was calculated using the Kaplan-Meier method. Significance was evaluated using the log-rank test. A multiple regression study was performed using Cox proportional hazard analysis. Univariate logistic and multivariate logistic regression analyses were used to identify independent predictive factors for local recurrence. Predictors that were not associated with DSS or local recurrence in univariate analysis were not included in multivariate analysis. P<0.05 was considered significant. Table I . The male-to-female ratio was 1.28 with 50 male subjects. The mean age at diagnosis was 63.4 years (range, 28-88 years). Twenty-two (24.7%) patients received NAC. NAC regimens were CDDP (CDDP 10 mg/ m 2 , days 1-5; 2 courses with 2-week intervals), CDDP/S-1 (S-1 40 mg/m 2 twice a day orally for 21 days, CDDP 60 mg/ m 2 on day 8; 2 courses with 2-week interval periods), or CBDCA/5-FU (CBDCA 300 mg/m 2 on day 1, 5-FU 600 mg on days 1-5; 2 courses with 3-week interval periods). In NAC-treated patients, 9 patients (40.9%) had stage III or IV disease, and 13 patients (59.1%) had stage I or II (Table II) . Toxicity to NAC was acceptable (CTCAE v. 4.0 grade 1/2) and related to nausea, mucositis and hematologic toxicity.
Results
Patient characteristics. Patient demographic characteristics are summarized in
Local recurrence developed in 11 patients (12.4%) during the follow-up period. The mean follow-up period was 44.7 months for the whole series (range, 3-125 months). CD44v6 and ABCG2 expression in OTSCC by IHC. The positive rates of CD44v6 and ABCG2 in 89 OTSCC patients detected by immunohistochemical staining were 24.7 and 13.5%, respectively. Staining for CD44v6 and ABCG2 showed a mixed membranous and cytoplasmic pattern of staining in OTSCC cells (Fig. 1) . Both markers were mainly characterized by higher invasive front localization.
Association of CD44v6 and ABCG2 expression with clinicopathological factors and survival. CD44v6 expression was significantly associated with lymph node metastasis, POI, NAC, DOI, perineural invasion, and local recurrence. Meanwhile, ABCG2 was significantly associated with lymph node metastasis, POI, DOI, perineural invasion and local recurrence. Univariate analysis using the log-rank test revealed that T-stage (P= 0.010), lymph node metastasis (P= 0.003), tumor differentiation (P=0.011), POI (P<0.001), NAC (P<0.001), DOI (P=0.002), perineural invasion (P<0.001) and local recurrence (P<0.001) were significantly associated with 5-year DSS (Table III) . Univariate analysis using the log-rank test and KaplanMeier method showed that CD44v6 and ABCG2 expression was significantly associated with 5-year DSS (Fig. 2, P<0 .001, respectively). Predictors that were associated with 5-year DSS in univariate analysis were included in the Cox proportional hazard model, and this multivariate analysis showed that local recurrence was only one independent predictor of 5-year DSS in OTSCC patients. The odds ratio of local recurrence was 17.54 (95% confidence interval, 0.36-5.37; P=0.025).
Association with local recurrence. Univariate logistic analysis showed a significant association of tumor local recurrence with POI (P<0.001), NAC (P=0.038), DOI (P=0.029), surgical margin (P=0.003), CD44v6 (P<0.001) and ABCG2 (P=0.008) (Table IV) . Multivariate logistic regression was performed for each predictor of the local recurrence and revealed that only the surgical margin (odds ratio, 10.58; 95% confidence interval, 1.75-63.89; P= 0.010) was an independent factor for local recurrence.
Association of NAC with cancer stem cell markers (CD44v6 and ABCG2).
As mentioned above, the positive rate of CD44v6 in NAC-treated patients was significantly higher than that in surgery alone-treated patients. Likewise, the local recurrence rate in NAC-treated patients was significantly higher than that in surgery alone-treated patients.
Therefore, to examine the effect of NAC on local recurrence, the relationship between cancer stem cell markers (CD44v6 and ABCG2) and local recurrence was analyzed by subgroup assay. There was a significant correlation between local recurrence with CD44v6 or ABCG2 positivity in the NAC-treated group but not the surgery alone-treated group (Table V) . Then, the correlation of the degree of histopathological response after NAC with local recurrence or these cancer stem cell marker expressions was not significant (Table VI) .
Immunopositivity of CD44v6 or ABCG2 showed significantly high intensity in NAC-treated patients compared with surgery alone-treated patients. In particular, the immunopositivity of these cancer stem cell markers was apparent at the tumor/host interface in NAC-treated patients with local recurrence. In contrast, immunopositivity in NAC-treated patients without local recurrence revealed pale or faint staining (Fig. 3) .
Discussion
Locoregional recurrence in patients with OSCC remains a problem and can affect their survival (4-6). In particular, local Table III . Association of CD44v6 and ABCG2 expression with clinicopathological factors and survival. recurrence is a high potential risk factor for survival (4, 6) . Correspondingly, in our study, tumor local recurrence was only one predictive factor of the 5-year DSS rate by multivariate analysis. Previous studies reported that local recurrence occurred in 6.9-22.0% (4,5,7,8), similar to the 12.4% rate in the present series. Several studies have demonstrated that demo- Table IV . Clinicopathological factors and CD44v6 and ABCG2 expression in relation to local recurrence. graphic variables such as site, TNM stage, and simultaneous disorder, and pathological variables such as DOI, surgical margin, and POI could be reliable parameters for local recurrence (4-7). In our study, POI, NAC, DOI, surgical margin, and perineural invasion were significantly associated with local recurrence, and in particular, the surgical margin (≤4 mm) was a predictive factor of local recurrence. Based on data similar to these results, we previously proposed that the most invasive front became unclear after modification by NAC, which may have resulted in resection with an insufficient safety margin (6,13). It was also hypothesized in the mechanism of tumor local recurrence that this elevated risk may be due to undetected tumor cells present in surgical margins thought to be negative by conventional light microscopy (9-11). Recently, to improve the detection of residual cancer cells or tumor-related precursor lesions remaining in histologically negative margins, molecular margin analysis was proposed and has now been used to observe and predict local recurrence of head and neck cancers (9, 12, 36) . We therefore focused on the expression of molecules relevant to CSCs in tumor satellites at the tumor/ host interface. The presence of CSCs in the primary tumor appears to have prognostic significance in various types of cancer including OSCC (24,37,38) . Since the concept of CSC has been Table V . Relationship between CD44v6, ABCG2 and local recurrence by subgroup (surgery alone and NAC) assay. proposed to explain tumor cell heterogeneity, some research has suggested that current therapies fail to prevent cancer relapse and metastasis because of a small, surviving population of CSC (37) (38) (39) (40) (41) . We previously demonstrated that the side population cells isolated from an oral cell line possessed the characteristics of cancer stem cells, chemoresistance, and high proliferation ability (24) . Moreover, in another study, we estimated that not only the mechanism for the closed margin but also residual cancer cells exhibiting the characteristic of CSC after NAC are involved in the mode of local recurrence (13) . We focused on the expressions of CD44v6 and ABCG2 as CSC markers in OTSCC, because we hypothesized that residual cancer cells exhibiting the characteristics of CSC would be relevant to the mechanism of local recurrence in NAC-treated OTSCC patients. CD44 is a cell surface glycoprotein known to be a hyaluronate receptor, which may function in lymphocyte homing and cancer metastasis (16, 17) . CD44 is encoded by a single gene which contains 20 exons and is located on the short arm of chromosome 11 (11p13) (16) . Exons 1-5 and 16-19 are spliced together to form the transcript for the standard isoform of CD44 (CD44s), which is expressed in a wide range of normal tissues as well as in tumors of ectodermal origin (16) . Alternative splicing of exons 6-15 (variant exons 1-10) gives rise to numerous variant forms of CD44 (CD44v), in which an additional segment encoded by one or more of the variant exons is inserted in the extracellular domain of CD44s, which is encoded by exons 1-5 and exons 16-20 (16,42,43) . The variant 6 isoform (CD44v6), in particular, is associated with several cancer types but not in somatic cells (15, (18) (19) (20) (21) . Moreover, CD44v6 is widely known as a marker of CSCs (18, 21, 36, (44) (45) (46) . Recently, Zhao et al reported that immunohistochemical assessment of CD44v6 in a negative surgical margin would be a valuable approach for predicting recurrence and survival after curative surgery for laryngeal cancer (36) . Some authors showed that CD44v6 could be associated with cancer progression, metastasis, and recurrence (36, 46) . Our data indicate that CD44v6 expression is associated with regional lymph node metastasis, POI, NAC, DOI, perineural invasion, and local recurrence in OTSCC. CD44v6-positive patients revealed a significant poor survival rate compared with CD44v6-negative patients. Furthermore, CD44v6 expression was a predictive factor for local recurrence (odds ratio, 12.19), as well as diffuse POI, NAC modality, deep (≥4 mm) DOI, closed (≤4 mm) surgical margin in univariate logistic analysis. These results support the idea that CD44v6-positive cancer cells exhibiting the characteristics of CSC take part in the mechanism of local recurrence, and CD44v6 is a useful marker of tumor progression in OTSCC.
CD44v6
ABCG2 ----------------------------------------
Local recurrence ----------------------------------------------------------
ABCG2 has been shown to be a major mediator of the SP phenotype, which refers to a transmembrane transporter that carries out the important biological function of the efflux of multiple endogenous and exogenous substances out of cells (22, 23) . Elevated expression of ABCG2 has been observed in a number of putative CSCs from various cancers (24, 34, 35) . AGCG2 is a well-known marker useful for identifying and isolating CSCs (22) (23) (24) 34, 35, 47) . In our study, ABCG2 expression was 14.6% in OTSCC patients, similar to the 12.4% in esophageal squamous cell carcinoma (35) . Our data indicate that ABCG2 expression is associated with regional lymph node metastasis, POI, DOI, perineural invasion, and local recurrence in OTSCC. ABCG2-positive patients revealed a significant poor survival rate compared with ABCG2-negative patients. Furthermore, ABCG2 expression was a predictive factor for local recurrence (odds ratio, 7.29) in univariate logistic analysis. As well as CD44v6, these results support the idea that ABCG2 is relevant to the mechanism of local recurrence in OTSCC.
Previously, we reported that the surgical margins were resected very close to the site in many NAC-treated cases, suggesting that NAC would lead to local recurrence and a poor outcome in OSCC (6, 13) . Correspondingly, in this current study, we demonstrated that NAC was a significant predictive factor for local recurrence. NAC, which is the use of systemic chemotherapy before definitive surgery and/or radiotherapy, is an attractive approach in the management of HNSCC. The benefits of NAC for patients with locally advanced head and neck cancer, as demonstrated by several clinical studies, include a reduction in distant metastasis and the preservation of organ function (48-51); however, NAC has failed to demonstrate any significant improvement of survival in several randomized control trials (49, 50) . The efficacy of NAC is controversial, and no report supports NAC with a high evidence level.
Interestingly, in this study, the positive rate of CD44v6 in NAC-treated cases was significantly higher than that in surgery alone-treated cases. Moreover, there was significant correlation between local recurrence and CD44v6 positivity in the NAC-treated group. On the other hand, this correlation in the surgery-alone group was not significant. These results indicate the possibility that the upregulation of CD44v6 expression may play an important role in local recurrence in patients with OTSCC who are receiving NAC. Several studies have reported that NAC could significantly modify the expression of CSC markers such as CD44v6, CD133, Nanog, Oct4, or EpCAM in various types of cancers (15, (52) (53) (54) (55) . In rectal cancer, some authors demonstrated that CD133 expression in residual cancer Factors  n  I  II  III  IV  P- cells after chemoradiotherapy was significantly higher than matched pre-chemoradiotherapy CD133 expression in biopsy specimens (53) (54) (55) . In HNSCC, Yoshikawa et al reported that the relative area occupied by CD44v-expressing cells was significantly larger in the tumors of patients who received NAC than in those of patients who did not, suggesting that CD44-positive HNSCC cells are resistant to chemotherapy compared with CD44v-negative cells (15) . Thus, we conclude that CD44v6 could be induced by NAC, and CD44v6-expressing residual cancer cells exhibiting the characteristics of CSC could be relevant to the mechanism of local recurrence in NAC-treated OTSCC patients. On the other hand, in this study, there was no significant difference in the positive rate of ABCG2 between NAC-treated cases and surgery alone-treated cases. In subgroup analysis, however, there was a significant correlation between local recurrence and ABCG2 positivity in the NAC-treated group, but not in the surgery alone-treated group. These results suggest that ABCG2-expressing cells are resistant to NAC, thereby increasing the fraction of ABCG2-expressing cells so that ABCG2-expressing residual cancer cells would be relevant to the mechanism of local recurrence in NAC-treated OTSCC patients. Some studies have also shown that patients whose disease responded to NAC had better local control and survival than those who received ineffective NAC (48, 51) . In our study, however, the relationship between the histological response after NAC and local recurrence or CSC marker expression was unclear.
Histopathological response -------------------------------------------------
Taken together, the expression of CSC markers (CD44v6 and ABCG2) was correlated with lymph node metastasis, tumor progression, and local recurrence, thereby decreasing survival. We conclude that the expression of these CSC markers plays an important role in local recurrence in patients with OTSCC who are receiving NAC. Therefore, we propose that NAC leads to the selection and/or residue of more aggressive CSCs. Accordingly, at present, we cannot recommend the modality of NAC for patients with OTSCC. Detection of the CD44v6 and ABCG2 status in the surgical margin may contribute to the identification of patients with high risk factors of local recurrence and should be addressed in future studies.
